ABSTRACT A cohort of 3971 white miners in South Africa, born between 1 January 1916 and 31 December 1930 who were alive on 1 January 1970 and currently working in the East Rand-Central Rand-West Rand mining areas, was followed up for nine years, when the 3426 survivors were aged from 48 to 62. Fifteen (0-4%) had been lost to view and 530 had died (13-4% of the 3956 whose vital status was determined). Based on the occupational histories of a 30% sample of the cohort it was known that the vast majority were gold miners. An estimated 93% had worked more than 85% of their mining service in gold mines. Standardised mortality ratios were calculated as the ratios of the deaths observed in the cohort to those expected on the basis of concurrent mortality in the reference population-the total white male population in the Republic of South Africa. There was little sign of a "healthy worker effect"; of several possible reasons, one is that the white miner in South Africa had adopted certain unhealthy life styles, another is that the reference population was otherwise inappropriate. The SMR for all causes of death (1 17-6) was raised because of excess mortality due to the following causes: lung cancer (161 2), chronic respiratory diseases (165-6), and acute and chronic nephritis (381 -0). A case-referent analysis was carried out on those miners in the cohort who had spent at least 85% of their service in gold mines. For lung cancer, smoking was the main contributory factor towards disease. For chronic respiratory diseases (bronchitis, emphysema, asthma, pneumoconiosis, and pulmonary heart disease), smoking was also the main risk factor, but there was an association with cumulative dust exposure. Raised blood pressure, smoking, and adiposity were associated with ischaemic heart disease as was the duration of service underground. Study of comprehensive medical histories in all 530 deaths, including necropsy in most cases, showed that none was directly due to pneumoconiosis or to tuberculosis.
The mortality of workers in coal, asbestos, uranium, and certain base metal mines has been the subject of intense investigation in the past few decades,'`9 but we are aware of only one study which has included gold miners."0 In South Africa gold miners work in stressful conditions of heat and humidity and are exposed to low levels of dust containing a moderate amount of silica and to low levels of radon daughters. They are also exposed to unknown levels of other atmospheric pollutants, such as nitrous fumes from the blasting operations and exhaust fumes where diesel engines are used.
This two part study aimed to determine (1) whether Accepted 3 March 1986 there was an excess mortality for certain diseases among middle aged white South African miners, most of whom were currently working on the goldmines in the East Rand, Central Rand, and West Rand gold mining regions of the Transvaal and (2) whether work in the gold mines contributed to the development of certain of these diseases. The first part was the calculation of standardised mortality ratios (SMRs) in a cohort of 3971 miners at work on 1 January 1970, followed up to the end of 1978, using as a "reference" population, faute de mieux, the total white male population of the Republic of South Africa (RSA). The second part was a case-referent analysis, following
Liddell et al," within the proportion of the same cohort who had had at least 85% of their service in gold mines and was concerned with deaths from lung 678 cancer, chronic respiratory diseases, and ischaemic heart disease (IHD). These specific diseases were chosen for the case-referent analysis because there was reason to believe that service in the gold mines might contribute to the development of these diseases either due to the duration of underground service or to cumulative dust exposure.
Subjects
The target population was all white miners who, at the start of 1970, were aged 39 to 54 and had attended the Medical Bureau for Occupational Diseases (MBOD) in 1969. Most were currently working in gold mines in an area defined as the East RandCentral Rand-West Rand geographical region. These mines were all members of the Chamber of Mines (so that each man had a number in the Mining Provident Fund, which was to be an important source of information on vital status). Every employee of any mine in the RSA who works underground or on the surface in specified "risk" occupations (defined by law on the basis of the degree of dust exposure) is legally required to present himself for an initial medical examination at the MBOD for a certificate offitness for work in a risk occupation. The miner is also required to renew this certificate of fitness each year by a further medical examination. A miner may also request a "compensation examination" (see below), which is carried out at the MBOD. Those miners who were born between 1 January 1916 and 31 December 1930, who attended the MBOD in 1969, and who were known to be alive on I January 1979, numbered 5062. Of these, however, a total of 1092 did not meet the selection criteriaeither they worked for private contractors or for mines that were not members of the Chamber of Mines; they were not employed in 1970 in mines in the area defined above; or they had been referred to the MBOD from outside the designated area.
The remaining 3971 miners formed the study cohort. They are known (through estimates from Chamber of Mines records) to be such a high proportion of the men working in the defined area that enumeration must have been virtually complete.
White miners in the RSA are particularly mobile and a proportion of those in the cohort have, in addition to service in gold mines, had service in other types of mines. The objective in the case-referent analysis was to determine the effect of factors associated with service, primarily in gold mines, on three diseases of specific interest. For the purposes of this part of the study we used only subjects who had had at least 85% of their service in gold mines. The proportion of 85% was chosen because it indicated that each man had a major proportion of his service in gold mines and thus Wyndham, Bezuidenhout, Greenacre, Sluis-Cremer gave a more homogeneous sample, reducing possible bias due to service in other mines. A 30% sample of the 3971 miners indicated that the overwhelming majority (estimated at 93%) had had more than 85% of their service in gold mines.
Data collection
It was possible to establish the vital status of all but 15 members of the cohort as at 31 December 1978-nine years from the date of entry into the cohort-mainly from the records of the Provident Fund but with some help from the Department of the Interior.
Death registration certificates of every person dying in the RSA are collected and filed by the Department of the Interior. Each year, they are submitted to the Central Statistical Services where coding clerks allocate to each certificate a rubric (code number) according to the International Classification of Diseases (ICD). The ICD code number is written on to the death registration certificate and it is then returned to the Department of the Interior for filing. In the period of the study the 8th revision of the ICD was used and the coding clerks followed the guidelines set out in the World Health Organisation manual for classifying causes It was possible to check the causes of death given on the death registration certification against the causes of death based on the best available information in the MBOD files. The results of this comparison are reported in the appendix.
Under the heading "chronic respiratory diseases" we have grouped together bronchitis, emphysema, and asthma (ICD 490-493), pneumoconiosis due to silica and silicates (515) or to other pneumoconiosis and other related diseases (516), and pulmonary heart disease (426) because examination of the MBOD files of those dead miners showed that none of the miners certified as dying from pneumoconiosis actually died from that disease. When pneumoconiosis was found in the miners, it was always an incidental finding in cases dying from some other cause, the most common of which was chronic obstructive lung disease. Similarly, when pulmonary heart disease appeared on the death certificate the cause of death was so coded, but examination of the MBOD files disclosed that in all of these cases there was associated chronic obstructive airways disease which was the primary cause of the pulmonary heart disease. Because of these inconsistencies between the causes of death, as classified by the Central Statistical Services, and the actual causes of death under this heading it was deemed to be more expedient to lump together all cases of death due to chronic respiratory diseases rather than subdivide the causes of death under separate, but often misleading, ICD rubrics.
Methods of analysis SUBJECT-YEARS METHOD
The first analysis used the subject-years method'2 to calculate the SMRs. Subject-years at risk during the study interval were calculated according to the technique of Hill."3 The choice of the reference population, the total white South African male population, was restricted by the availability of mortality figures and population estimates in the RSA. The Central Statistical Services for the RSA publish annual reports on the numbers of deaths by race, sex, age, and cause. On request, they provided mid-year population estimates for white South African men by quinquennial age groups for the nine single calendar years of the study interval. Age time cause specific death rates for the reference population were calculated from this material. From these rates, and from the relevant person-years in view during the study interval, the age cause specific expected numbers of deaths were found. The numbers of deaths observed, cause by cause, from the death registration certificate, were counted by age group and year. The observed (0) and expected (E) deaths, by cause, were summed over each age group for the nine years of follow up, and the SMR was obtained as 100 (10) From available records it would also have been possible to obtain complete histories of mining employment and information on smoking habits but it would have been prohibitively laborious to collect such details for the complete cohort. Thus there was no study of such factors within the first analysis.
CASE-REFERENT ANALYSIS
The second analysis was of the case-referent form, within the cohort, following Liddell et al" for the three diseases of specific interest, lung cancer (42 deaths, according to the best available information), chronic respiratory diseases (29), and IHD (203).
For each case determined from the causes of death according to the best available information a set of referents was selected, strictly at random from among all those miners born in the same year as the case and who survived the case. No other matching for risk factors was performed. Four referents were selected for each death from lung cancer or chronic respiratory disease but, for practical reasons, only two referents were selected per case of IHD.
The proviso that each subject had had at least 85% of his service in gold mining reduced the number of deaths used in the analysis to 40 for lung cancer, 26 for chronic respiratory diseases, and 194 for IHD. For lung cancer and IHD we also considered it to be important to examine solely the effects of underground service on the risk of disease (see mining service below). By excluding men with service only in surface occupations, this further reduced the deaths in these specific analyses to 39 from lung cancer and 166 from IHD.
The following possible risk factors were investigated in the case referent analysis. Two indicators of mining service were obtained: total years of underground service and particle years of 680 cumulative dust exposure. The Chamber of Mines employment history records giving shifts worked by calendar period and occupation are available. Six occupational categories were identified according to the degree of dust experienced within these occupations. These included dusty occupations both on the surface of the mine and underground in the mine. The number of shifts worked extracted for all members of each case-referent set over the period from the date on which the subject's service started until either (for lung cancer and chronic respiratory diseases) the date of the case's last dusty shift worked or (for IHD) the case's last underground shift worked. The number of shifts was divided by 280 to obtain a measurement of mining service in "years."
Cumulative dust exposure (measured by thermal precipitator count of respirable particle sizes 0-5 um to 5 pm before acid treatment) was computed by multiplying the length of time worked in any of the six occupational categories by a dust level index derived from the mean dust levels reported by Beadle. 16 For lung cancer, the effect of both cumulative dust exposure and total years of underground service were analysed separately, the latter providing a surrogate measurement of the miner's lifetime exposure to the low levels of radon and its daughters found in South African gold mines. For chronic respiratory diseases the attributable factor considered was cumulative dust exposure. For IHD total years of underground service worked was the variable used to measure the effect of exposure to physical work in the hot and humid mines of the Witwatersrand, which might directly or indirectly be a risk factor for this disease. Of the 3971 miners in the cohort, 15 were lost to view (0-4%) and 3426 (86-3%) survived into 1979. The deaths numbered 530, compared with 450 6 expected, leading to an SMR of 117-6 substantially in excess of 100. Table I shows the observed numbers of deaths in the cohort from selected causes and the numbers expected, the SMRs, and the corresponding 95% confidence intervals. Judged by these confidence intervals there was significant excess mortality, compared with the referent population of all white men in the RSA, for lung cancer, chronic respiratory Likelihood ratio chi-square (with df) (and significant levels) Non-mining risk factor(s) (1) (1) (1) 26-57 (3) (p = 0-0002) (p = 0-0003) (p = 0-008) (p = 0-000007) Mining risk factor, after allowing for non-mining (1) 0-20 (1) (1) [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] (1) The reference population for obtaining the age-cause specific mortality details of the same sex and race, and over the relevant study intervals, was the total white male population in RSA. It was important that the proportion of Afrikaners in the general population (60%) was similar to that in the cohort of miners (63%) because Afrikaans men are known to have a higher rate of IHD than other white men in the RSA. 8 The cohort of miners differed from the reference population in that each miner, on engagement at the age of 17 or 18, undergoes a medical examination that excludes men with certain overt diseases and those who are grossly overweight and underweight. On these grounds we expected a pronounced healthy worker effect in our SMR analysis as has been the case in many other SMR studies of industrial workers, including miners. To our surprise, however, the SMR for all causes of death of this cohort of miners was 117-6 which is substantially above 100. One possible explanation for this result is that the reference population was inappropriate; corresponding problems have been discussed by McMichael"9 and Hernberg20 inter alia. Another explanation is that this cohort of miners was actually less healthy than men of the same age in the general population. There is support for this proposal in the fact that of the 79 miners' deaths in excess of those expected, 26 were due to ischaemic heart disease, 15 to lung cancer, 10 to chronic respiratory disease, eight to suicide, and seven to cirrhosis of the liver. Thus 66 (83%) of the excess deaths could be attributed to certain aspects of life styles which are known to be destructive to health such as dietary excesses, smoking, and excessive alcohol intake. Whether the white miner in the RSA is more liable to these unhealthy life styles than the general white male population needs further investigation. The possibility that the reference population was otherwise inappropriate and that the SMRs for specific causes of death must be treated with caution cannot be dismissed, however. The cardinal role of smoking in the excess mortality from lung cancer in the cohort is clear from the casereferent analysis. As this analysis showed an association of risk with cumulative dust exposure at a low level of statistical significance (p = 0.06) and a nonsignificant association with duration of underground service, it is likely that neither exposure to radon nor exposure to silica contribute to the excess of lung cancer. No arsenic is found in the Witwatersrand gold mines.
The excess mortality due to chronic respiratory diseases is not surprising. Both cigarette smoking and exposure to dust in mines are causal factors of chronic respiratory diseases.'5 25 The case-referent analysis indicated that amount smoked was of much greater importance than cumulative dust exposure, which itself was a significant risk factor (p = 0-03) in the case of chronic respiratory diseases.
The excess mortality from ischaemic heart disease in our study was unexpected. Costello et al failed to find an excess mortality for IHD among coal miners in the United States.26 They did, however, find an excess IHD mortality in a subgroup of their coal miners who both smoked and were obese. A not unexpected finding in our case-referent analysis was the significant relation between mortality for IHD and the non-mining risk factors of hypertension, smoking, and the Quetelet index of adiposity. Our main objective, however, was to examine the possibility that duration of underground service was an additional risk factor for IHD in the presence of these confounding factors. When the effects of these nonmining risk factors were eliminated in the statistical analysis there was indeed a significant relation (p = 0-004) between the duration of underground ser-Mortality of middle aged white South African gold miners vice in the gold mines and mortality from IHD. A significant association between IHD and duration of underground service has not, as far as we are aware, been found previously.
A surprisingly high proportion (43-5%) of the 23 suicides were due to carbon monoxide poisoning from motor vehicle exhausts compared with 20-4% of suicides in the reference population. The apparent excess for cirrhosis of the liver suggests that white miners in the RSA have a higher proportion of those who suffer from chronic alcoholism than the general population in the RSA of white men in this age group.
Finally, although deaths from acute and chronic nephritis were few, there were more than expected, which is consistent with previous findings.27 We the MBOD files showed that in only one of these four had tuberculosis been diagnosed during life. He had had an x ray shadow which was investigated to distinguish between lung cancer and pulmonary tuberculosis. A bronchial washing showed tubercle bacilli. After treatment he made a complete recovery and eventually died of mitral valve disease with congestive cardiac failure. The actual causes of death of the other three dead miners on the best available information were: (1) cancer of the lung (confirmed histologically); (2) coronary thrombosis (with an antemortem thrombus in the right coronary artery); and (3) pulmonary embolus (with an antemortem thrombus in a pulmonary artery).
Pneumoconiosis was coded as the cause of death of four miners. Two had clear evidence of severe chronic obstructive lung disease with a forced expiratory ventilation in one second (FEV1) less than 40% of normal. Of the other two cases, one died from diffuse scleroderma and the other from Goodpasture's syndrome-at necropsy there was massive intraalveolar haemorrhage and foci of interstitial fibrosis. Silicosis was found only in microscopic sections of lung tissue and thus was clearly an incidental finding and not the cause of death.
The finding of most immediate importance to the mining industry is that, based on the best available information, not one of these 530 miners died either from tuberculosis or pneumoconiosis due to silica dust. This confirms the impression of the clinicians at the MBOD that, today, these two conditions hardly ever cause death among middle aged white South African miners. Agreement was also close for most
